Sindbis virus expression has been used for in vitro investi-50% of transfected cells. Cells were then cotransfected gations of antigen processing, presentation and epitope with DH-BB helper sequences that enabled the recombimapping. The recent development of a replication-deficient nant Sindbis virus RNA packaging. Nonreplicative Sindbis recombinant Sindbis virus expression vector has made in viral stock was collected 24 h after transfection. BHK cells vivo expression possible with minimal pathogenic risk.
Introduction manifest themselves as headaches and rashes. 9 In conThe potential of gene therapy for brain dysfunction is trast, recent reports associate encephalitis with other viral complicated by factors which include the blood-brain systems. 10 Expression of foreign gene products in vivo has barrier, the post-mitotic status of neural cells, the pathoalready been successfully demonstrated using a recombigenic risk of viral homologous recombination, and the nant Sindbis viral vector to sensitize cytotoxic T lymphostability of foreign gene expression. Viral vectors comcytes to heterologously expressed MHC class I-restricmonly used for therapeutic DNA delivery include replited antigens.
11 cation-deficient forms of adenovirus (AD), retrovirus, The present system utilizes a recombinant Sindbis vecand herpes simplex virus (HSV). [1] [2] [3] [4] [5] [6] [7] This report describes tor, pSinRep5, which is approximately 10 kb in size and the expression of ␤-galactosidase (␤-gal) in targeted brain contains the Sindbis virus nonstructural protein genes 1-areas using a replication-defective Sindbis virus 4 (nsP1-4), the promoter for subgenomic RNA and a mulexpression system. The Sindbis virus expression system tiple cloning site (MCS). Recombinant RNA is synthediffers from currently available viral delivery systems in sized in vitro using this vector into which the appropriate that it is an RNA virus, known to generate high levels of gene has been cloned. 12-14 A helper for the defective virus protein expression in vitro. 8 The potential advantages of (DH-BB template) contains the genes for the four structhis system include a high infection efficiency attributed tural proteins required for Sindbis virus packaging. It is to a nonreceptor-mediated cellular internalization and also transcribed with the resultant RNA cotransfected the ability to infect post-mitotic neural cells. The Sindbis into BHK cells to produce Sindbis virus vector particles containing the recombinant RNA. To investigate this expression system for in vivo deliv-5 g of DH-BB mRNA) as described in Materials and methods. Nontransfected control cells were negative for the production of ␤-gal ( Figure 3a ) and transfected cells, incubated 24 h before performing ␤-gal histochemistry, demonstrated that the transfection was successful. BHK cells produced active ␤-gal 24 h following transfection ( Figure 3b ). Medium from transfected cells was collected as viral stock and stored in aliquots at −70°C until used (Figure 4b ), while noninfected cells provide for behavioral and motor monitoring in future failed to show ␤-gal expression (Figure 4a ). Western blot studies. In this report we aim to demonstrate that the analysis using a monoclonal antibody against ␤-gal nonreplicative Sindbis virus expression system can be (Gibco/BRL, Gaithersburg, MD, USA) confirmed the used to express ␤-gal in brain tissue.
presence of ␤-gal in whole cell lysate (117 kDa) ( Figure  4c ). Cells which were not infected with virus were used
Results as a control.
Generation of viral stocks Delivery of virus to mouse brain and investigation of To obtain viral stocks, in vitro transcription reactions ␤-galactosidase expression were performed on linearized SinRep/lacZ and DH-BB Mice were infused with 2.5 l of either viral stock or sterhelper constructs (Invitrogen, San Diego, CA, USA). Figure 2 it can be concluded that on agawas detected 1 day after infusion and was sustained for rose gel electrophoresis, the RNA transcribed from the up to 14 days ( Figure 5 ). Densitometric analysis perforSindbis virus construct containing the lacZ sequence med on X-gal-stained brain tissue over this time course (31 335 bp) migrates slower than one without insert. BHK ( Figure 6 ), indicates that maximum expression of ␤-gal cells were transfected (5 g of SinRep/lacZ mRNA and occurred 2 days after infusion and then slowly declined over the time course. Fourteen days after infection, ␤-gal was still detectable, although at lower levels ( Figure 6 ).
Discussion
For gene therapy of the CNS, efficient and minimally pathogenic vehicles are required. Although naked DNA or liposomal delivery systems are comparatively safe, they are less efficient than viral systems. 51 Considerations when using a viral system for in vivo genetic expression include the safety of the recombinant virus, the host cell range, the overall level of expression, the cell cycle characteristics and the technical ease of use. Available DNA viral vector systems like AD, adeno-associated viruses (AAV) and HSV systems have serious potentially pathogenic consequences. 10 Even their nonreplicative forms have a high probability of reversion to potentially virulent replicative viruses by homologous recombination. Among RNA-based systems in use today, the retroviral expression system is problematic with the possibility of germline modification due to its ability to viruses as a delivery/expression system in the CNS has 
Materials and methods
Cell culture BHK cells were maintained in minimal essential medium (␣MEM), GIBCO BRL) supplemented with l-glutamine (GIBCO/BRL) 1 × penicillin, streptomycin, fungizone (PSF) antibiotic mixture (GIBCO/BRL) and 5% fetal bovine serum (FBS) (JRH Biosciences, Lenexa, KS, USA). Cells were grown in 175 cm 2 flasks (Baxter, McGraw Park, IL, USA) until the monolayer was 80-90% confluent and then harvested using trypsin-EDTA (GIBCO/BRL) and transferred into 35-mm (six-well) plates, at a density of 2 × 10 5 per well. Cells were incubated overnight at 37°C in a humidified atmosphere with 5% CO 2 . 
In vitro transcription
Plasmid vectors pSinRep5, SinRep/lacZ and DH-BB virus helper were obtained from Invitrogen Sindbis Expression System (Invitrogen). Template DNA, pSinRep5 was not been studied extensively but seems to have potential amplified using Qiagen's Plasmid Maxi Kit (Qiagen, as an efficient and minimally pathogenic system. 8, 16 Chatsworth, CA, USA) in a final concentration of This system also has the ability to infect a wide range 1 g/ml and linearized using XhoI restriction endonucleof cells including nonmammalian cells and has been ase (Boehringer Mannheim, Indianapolis, IN, USA), found to express significant quantities of heterologous SinRep/lacZ and DH-BB helper virus were used as proproteins in vitro, [17] [18] [19] and in vivo. 8 Sindbis virus is an infecvided. In vitro transcription reactions were performed by tious virus whose life cycle ends in cytolysis in its normal using MEGAscript Sp6 kit (Ambion, Austin, TX, USA) as hosts. Genetic engineering of this virus has currently proper the manufacturer's instructions. The total amount of vided us with a nonreplicative, recombinant, mature and DNA per reaction was 2 g/ml. Transcription reactions infectious viral form capable of expressing any gene of were incubated for 4 h at 37°C in the presence of ␣ 32 Pinterest. 20 The Sindbis virus expression system has been CTP (Amersham, Arlington Heights, IL, USA) and 1 l used for the efficient expression of heterologous proteins of the mRNA obtained was run on a 1% agarose gel. The in quantities sufficient for structure/function analysis. It gel was dried and exposed to radiographic film for 2 min. has a moderately small genome (approximately 10 kb) making the in vitro manipulation of the vector and celluTransfection of BHK cells and X-gal staining lar transfection easier, strong viral promoters that drive Transfection was done by electroporation (Electroporator expression of both the viral and foreign genes under II; Invitrogen). 1 × 10 7 Cells in a volume of 0.5 ml were investigation, 8 and it infects a wide range of cell types. transfected with 5 g of SinRep/lacZ and DH-BB helper In the present study, recombinant Sindbis virus as a virus RNA respectively at a ratio of 1:1, mixed with vector, efficiently delivered the lacZ gene into mouse 9.5 ml of complete ␣MEM after electroporation and 10 ml brain. No significant morbidity was observed in compariof cell suspension was plated in six-well plates (2 ml per son to sham-infected controls as feeding or drinking well). Twenty-four hours after transfection, the superbehavior was not impaired. To examine the efficiency of natant containing the Sindbis virus vector particles was transfection and infection by the viral stocks, histochemharvested and this virus stock was frozen in liquid nitroistry was performed in the isolated cell culture system. gen and stored at −70°C. To check the transfection Results indicate that the efficiency of transfection was efficiency BHK cells were stained uzing X-gal sufficient to produce high numbers of viral particles (Boehringer Mannheim). To confirm ␤-gal expression, (Figures 3 and 4) . Histochemistry performed on frozen cells were stained 24 h after transfection.
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brain sections of mice infused with the viral stock indicated that the expression of ␤-gal was colocalized to neurons identified by Nissl body staining. Delivery of the Virus titer One hundred microliters of the viral stock was mixed viral stock to the brain tissue was carefully conducted and monitored to allow the reproducible administration with 400 l of ␣MEM containing 1% FCS and 2 × 10 4 cells per tissue culture treated 1-chamber slide (Nunc, Naperof virus to a localized area. If surgical or viral damage had occurred, the effects would have been identified in ville, IL, USA) were infected. Cells were then incubated for 8 h at 37°C under 5% CO 2 and additional 1.5 ml of comparison to the contralateral nontreated brain area analyzed and in the post-injection activity of the animals.
␣MEM containing 1% FCS was added. Cells were incubated under the same conditions for an additional 16 h These results suggest that this expression system may be of particular interest for gene delivery to the CNS and and then stained with X-gal. The same experiment was done by using 100 l of the viral stock per chamber slide could be instrumental in the development of animal models of neurologic diseases. The time frame of and 2 h after incubation, the virus was removed and fresh complete medium was added to the cells. The cells were expression (1-14 days) of a foreign gene in brain tissue is sufficient to allow investigations of the effect of the assayed after 8, 16, 24 and 48 h, respectively. X-gal at a concentration of 20 mg/ml was used for the assay. There expressed genes on behavioral patterns. The Sindbis virus expression system is a candidate for further studies was a gradual increase in the number of cells expressing ␤-gal up to 24 h and then it was constant. Infectivity was of the potential therapeutic applications. calculated by comparing the number of cells expressing were stained using the X-gal staining method following the manufacturer's protocol (Invitrogen). ␤-gal per field (1 cm 2 ) to the total number of cells present and extrapolating it to derive an infectious particle count of approximately 1 × 10 4 particles per milliliter of the Western blot analysis Twenty-four hours following infection, BHK cells were viral stock. Cell count was done using a CK2 Olympus microscope (Lake Success, NY, USA) under × 40 magnirinsed twice with cold 1 × PBS, removed from the dish by scraping in 1 × PBS, pelleted by centrifugation and fication.
lysed in 200 l of lysis buffer (50 mm HEPES, 1% NP-40, 1 g/ml aprotinin and 100 g/ml PMSF) (equivalent of Infection of BHK cells with Sindbis virus vector particles 3 × 10 5 Cells were washed twice with 1 × PBS and 3 × 10 5 /200 l). Twenty microliters of cell lysate was run on a pre-made 4-15% Tris-glycine denaturing acrylamide infected with 250 l of viral stock for 1 h at room temperature. After the infection reaction, 2 ml of ␣MEM + gel (Bio-Rad, Hercules, CA, USA). ␤-Gal was detected by Coomassie blue staining and by Western blot analysis. 1% FBS per plate was added and the cells were incubated at 37°C for 24 h. To determine the presence of ␤-gal, cells
The proteins were transferred to transblot 0.45 mm nitro-Animal manipulations and surgical procedures C57BL/6 experimentally naive mice (26-32 g) obtained from the Jackson Laboratories (Bar Harbor, ME, USA) were used. The animals were housed in single cages (one mouse per cage). The colony room was maintained at 22°C and was on a 12 h light/dark cycle. Water and food were available ad libitum. The animals were approximately 12 weeks old at the time of surgery and were randomly assigned to groups on the basis of post-operative brain extraction intervals. Intracranial surgery began 10 min following intraperitoneal injections of an anesthetic cocktail (ketamine hydrochloride: 100 g/kg body weight, Sigma, St Louis, MO, USA; xylazine: 3.0 mg/kg body weight). A small rodent stereotaxic apparatus (Kopf model 900 small animal stereotax) modified for mice (Kopf model 921 mouse adaptor/921-F&G Ear Bar Assembly, David Kopf, Tugunga, CA, USA) was used to guide cannula placement.
The mouse was placed on an elevated platform (4.1 cm) and its head secured to the stereotax via the neosporine and the skull area was shaved and swabbed laterally with hemostats and scraping the periosteum. The head was secured on a horizontal plane via a series of skull surface measurements at equidistant points bilateral to the bregma. Rostral-caudal leveling was cellulose membranes (Bio-Rad) using a semi-dry transfer accomplished by measurements on the mid-line sagittal system (milliblot-SDE transfer system; Millipore, suture caudally where it intersected with the frontal Bedford, MA, USA) for 1 h at 100 mA. As a positive consuture. After leveling the skull, a No. 8 dental burr was trol 1.0 g of purified ␤-gal (GIBCO/BRL) was run on a polyacrylamide gel.
used to drill a hole in the skull at the coordinates to allow 
